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(57)Abstract: 

PROBLEM TO BE SOLVED: To make a super-resolution 
property excellent in imageHbrming performance 
exhibited easily by simple constitution. 
SOLUTION: This system has light source means 2, 3, 4, 
6, 8 for generating plural lights different in wavelengths, 
a converging means 13 for converging the plural lights 
toward an object 1, and a photodetecting means 17 for 
detecting the lights emitted from the object 1. At least 
one light out of the plural lights different in their 
wavelengths generated by the light source means is 
constituted to be converged as the light for forming a 
converged pattern of a multi-spatial mode and to make 
the plural lights overlapped only in a partial area of the 
converged pattern of the multi-spatial mode spatially 
with a converged pattern of the another light by the 
converging means 13. 
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SOLUTION: This system has light source means 2, 3, 4, 6, 8 for 
generating plural lights different in wavelengths, a converging 
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means is constituted to be converged as the light for forming a 
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plural lights overlapped only in a partial area of the converged 
pattern of the multi-spatial mode spatially with a converged 
pattern of the another light by the converging means 13. 
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CLAIMS 



[Claim(s)] 

[Claim 1 ] A light source means to generate two or more light from which wavelength differs, and a 
condensing means to condense for two or more above-mentioned light, At least one light as a light in which 
the condensing pattern in multi-space mode is formed among two or more light from which the wavelength 
which has a luminescence detection means to detect the light emitted for the above, and is generated from 
the above-mentioned light source means differs the light of these plurality — the above-mentioned 
condensing means — some condensing patterns in the above-mentioned multi-space mode — the optical 
equipment characterized by constituting so that the above-mentioned object may be made to condense so 
that only a field may put on other condensing patterns and space targets of light. 

[Claim 2] The 1 st light source which generates the 1 st light of wavelength lambda 1 which it is [ light ] the 
microscope which observes the sample dyed by the molecule which has three electronic states including a 
ground state at least, and makes the above-mentioned molecule change from a ground state to the 1 st 
excitation state, The 2nd light source which generates the 2nd light of wavelength lambda 2 which makes 
the above-mentioned molecule change from the 1 st excitation state of the above to the 2nd excitation state 
with a more high energy level, The condensing optical system which makes the above-mentioned sample 
condense the 1st light of the above, and the 2nd light, Have the luminescence detector which detects 
luminescence from the above-mentioned molecule, and the light in which the condensing pattern in multi- 
space mode is formed as the 1st light of the above from the 1st light source of the above is generated. The 
condensing pattern of the 1st light of the above is the microscope characterized by constituting so that the 
above-mentioned sample may be made to condense so that only a field may put on the condensing pattern 
and space target of the 2nd light of the above a part by the above-mentioned condensing optical system. 
[Claim 3] The microscope according to claim 2 characterized by the 1st light source of the above and the 
2nd light source being sources of coherent light. 

[Claim 4] The microscope according to claim 3 characterized by having the phase distribution generating 
component which gives phase distribution to the wave front of the 1 st light of the above-mentioned 
wavelength lambda 1 . 

[Claim 5] The above-mentioned phase distribution generating component is a microscope according to 
claim 4 characterized by having the field where the plurality in which a wave front has zero or the phase 
contrast of pi was divided. 

[Claim 6] The field by which division was carried out [ above-mentioned ] is a microscope according to 
claim 5 characterized by having the phase contrast of an adjoining field and pi. 

[Claim 7] The microscope of any one publication of six from claim 2 to which the 2nd light of the above is 
also characterized by having the condensing pattern in multi-space mode. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the microspectral device which aimed at improvement in 
detection sensitivity and spatial resolving power in more detail about optical equipment and a microscope by 
operating the wave front of two waves of light in a microspectral device like the fluorescence microscope of 
super resolution using two waves of different light, and making a sample side condense. 
[0002] 

[Description of the Prior Art] The technique of an optical microscope is old and the microscope of various 
types has been developed. Moreover, in recent years, the still more highly efficient microscope system is 
developed by advance of circumference techniques including a laser technique and electronic imaging 
technology. 

[0003] In the inside of such a background, for example, JP,8-184552,A, the highly efficient microscope 
which made possible not only control of the contrast of the image obtained but the chemical analysis is 
proposed using the double resonance absorption process emitted by illuminating a sample with two or more 
waves of light. 

[0004] This microscope chooses a specific molecule using double resonance absorption, observes the 
absorption and the fluorescence resulting from specific optical transition, and explains that principle with 
reference to drawing 9 - drawing 17 . Drawing 9 shows the electronic structure of the valence-electron orbit 
of the molecule which constitutes a sample, and is first taken as the 1st excitation state (SI condition) which 
excites the electron of the valence-electron orbit which the molecule of the base (SO) shown in drawing 9 
has by light, and is shown in drawing 10 . Next, it considers as the 2nd excitation state (S2 condition) which 
excites similarly by the light of another wavelength and is shown in drawing 1 1 . According to this 
excitation state, a molecule returns to a ground state, as light is emitted and fluorescence or phosphorescence 
is shown in drawing 12 . 

[0005] In the microscopic method using a double resonance absorption process, an absorption image and a 
luminescence image are observed using the absorption process of drawing 10 , the fluorescence of drawing 
11 , or luminescence of phosphorescence. Although SI condition is made to excite the molecule which 
constitutes a sample from light of a resonance wavelength lambda 1 like drawing 10 by laser light etc. first 
in this microscopic method, the molecularity of SI condition within unit volume increases in this case as the 
luminous intensity to irradiate increases. 

[0006] Here, since a linear absorption coefficient is given by the product of the absorption cross section per 
molecule piece, and the molecularity per unit volume, it will depend for the linear absorption coefficient to 
the resonance wavelength lambda 2 irradiated continuously on the luminous intensity of the wavelength 
lambda 1 irradiated first in an excitation process like drawing 1 1 . That is, the linear absorption coefficient 
to wavelength lambda 2 can be controlled by luminous intensity of wavelength lambda 1 . If this irradiates a 
sample with two waves of light, wavelength lambda and wavelength lambda 2, and the transmission image 
by wavelength lambda 2 is photoed, it shows that the contrast of a transmission image is completely 
controllable by the light of wavelength lambda 1 . 

[0007] Moreover, when the deexcitation process by the fluorescence or phosphorescence in an excitation 
state of drawing 1 1 is possible, the luminescence reinforcement is proportional to the molecularity in S 1 
condition. Therefore, also when using as a fluorescence microscope, it becomes controllable [ image 
contrast ] . 

[0008] Furthermore, in the microscopic method using a double resonance absorption process, not only 
control of the above-mentioned image contrast but a chemical analysis is made possible. That is, since the 
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outermost shell valence-electron orbit shown in drawing 9 has an energy level peculiar to each molecule, 
wavelength lambda 1 will change with molecules and wavelength lambda 2 also becomes the thing of a 
molecule proper at coincidence. 

[0009] Since it generally crawls and the wavelength field of the absorption band of the molecule of shoes 
overlaps here although it is possible to observe to some extent specific absorption image or fluorescence 
image of a molecule even when illuminating on the conventional single wavelength, exact identification of 
the chemical composition of a sample is impossible. 

[0010] On the other hand, in the microscopic method using a double resonance absorption process, since the 
molecule which absorbs or emits light with two waves, wavelength lambda 1 and wavelength lambda 2, is 
limited, identification of the chemical composition of a sample more exact than a conventional method is 
attained. Moreover, since only the light which has a specific electric field vector to a molecule shaft is 
strongly absorbed when exciting the valence electron, if the polarization direction of wavelength lambda 1 
and wavelength lambda 2 is decided and absorption or a fluorescence image is photoed, the same molecule 
will also become possible to identification of the direction of orientation. 

[001 1] Moreover, recently, the fluorescence microscope with the high spatial resolving power which crosses 
a diffraction limitation using a double resonance absorption process is also proposed as indicated by JP, 1 0- 
142 151, A, for example. Drawing 13 is the conceptual diagram of the double resonance absorption process in 
a molecule too, the molecule of a ground state SO is excited by SI which is the 1st excitation state with the 
light of wavelength lambda 1, and it shows the case where the fluorescence from S2 is very weak while it 
shows signs that it is excited by S2 which is the 2nd excitation state with the light of wavelength lambda 2 
further. 

[0012] In the case of a molecule with optical property as shown in drawing 13 , a very interesting 
phenomenon occurs. Drawing 14 is the conceptual diagram of a double resonance absorption process as well 
as drawing 13 , and the X-axis of an axis of abscissa expresses the breadth of spatial distance, and shows the 
space field Al which irradiated the light of wavelength lambda 2, and the space field AO where the light of 
wavelength lambda 2 is not irradiated. 

[0013] In drawing 14 , in the space field AO, many molecules of SI condition are generated by excitation of 
the light of wavelength lambda 1, and the fluorescence which emits light on wavelength lambda 3 is seen 
from the space field AO in that case. Since the light of wavelength lambda 2 was irradiated, most molecules 
of SI condition are immediately excited by S2 high-order condition, and the molecule of SI condition stops 
however, existing in the space field Al. Such a phenomenon is checked with some molecules. By this, since 
the fluorescence of wavelength lambda 3 is lost completely and there is moreover no fluorescence from S2 
condition from the first, in Al field, the fluorescence itself will be controlled completely. Therefore, it 
becomes only AO field that there is fluorescence in a space field. 

[0014] This result has very important semantics, when it considers from the applicable field of a 
microscope. That is, although laser light is condensed to a microbeam with a condenser lens and an 
observation sample top is scanned in the conventional scanning laser microscope, the size of the microbeam 
in that case serves as a diffraction limitation decided by the numerical aperture and wavelength of a 
condenser lens, and the spatial resolving power beyond it cannot be expected theoretically. 
[0015] However, in the case of drawing 14 , two kinds of light with wavelength lambdal and lambda2 is 
spatially doubled in skillful ****, and by controlling a fluorescence field by the exposure of the light of 
wavelength lambda 2, if its attention is paid to the exposure field of the light of wavelength lambda 1, a 
fluorescence field will be made more narrowly than the diffraction limitation decided by the numerical 
aperture and wavelength of a condenser lens, and it will become possible to raise spatial resolving power of 
it substantially. Therefore, the super resolution microscope using the double resonance absorption process 
exceeding a diffraction limitation, for example, a fluorescence microscope, becomes possible by using this 
principle. 

[0016] Furthermore, this invention person has also already proposed the new device for raising the super 
resolution nature of a microscope. That is, it is the proposal of the fluorescence labeler molecule for fully 
utilizing the function of a super resolution microscope, the exposure timing to the sample of two light of 
wavelength lambdal and lambda2 to be used, etc. By this proposal, it has three quantum states including a 
ground state at least. The fluorescent probe molecule which various molecules with a thermal-relaxation 
process more dominant than the relaxation process according [ the transition when carrying out deexcitation 
from the high-order energy state except the 1 st excitation state to a ground state ] to fluorescence dye, The 
fluorescence from S 1 condition is controlled by exciting and exciting immediately continuously the 
molecule which the sample to which the chemical bond of the biomolecule which gave the biochemical 
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dyeing technique was carried out is dyed in the S 1 condition to high-order quantum level by the light of 
wavelength lambda 2 with the light of wavelength lambda 1 . Thus, the optical property of a molecule is used 
and improvement in spatial resolving power is aimed at by controlling a spatial fluorescence field 
artificially. 

[0017] The optical property of such a molecule can be explained from a quantum chemistry-position. That 
is, generally each atom with which a molecule constitutes it is tied by sigma or pi bonding. In other words, 
the molecular orbital of a molecule has sigma molecular orbital or pi molecular orbital, and is bearing the 
important role with which the electron which exists in these molecular orbitals combines each atom. Among 
those, but, the electron of sigma molecular orbital combined each atom strongly, and has determined the 
interatomic distance of the intramolecular which is the frame of a molecule. It is rather bound to the whole 
molecule by the very weak force without almost contributing the electron of pi molecular orbital to 
association of each atom to it. 

[001 8] If the electron which is present in sigma molecular orbital is excited with light in many cases, atomic 
spacing of a molecule will change a lot and the big structural change including dissociation of a molecule 
will take place. As the result, most of atomic kinetic energy and the energy which light gave to the molecule 
for the structural change change to heat energy. Therefore, excitation energy is not consumed with the 
gestalt of a light called fluorescence. Moreover, since a structural change of a molecule takes place to a high 
speed (shorter than psec) extremely, the life will be very short even if fluorescence occurs in the process. 
[0019] To it, even if it excites the electron of pi molecular orbital, the structure of a molecule itself hardly 
changes, but it remains in high-order quantum discrete ranking for a long time, and has the property which 
emits and carries out deexcitation of the fluorescence by the order of nsec. 

[0020] According to the quantum chemistry, it is equivalent that a molecule has pi molecular orbital and to 
have a double bond, and it becomes a requirement to select the molecule which has a double bond in the 
fluorescence labeler molecule to be used at abundance. It is confirmed [ in / in the molecule in which this 
has a double bond / 6 membered-ring molecules, such as benzene and pyrazine, ] that the fluorescence from 
S2 excitation state is very weak (for example, M.Fujii et.al.Chem.Phys.Lett.171 (1990) 341). 
[0021] Therefore, if the molecule containing 6 membered-ring molecules, such as benzene and pyrazine, is 
selected as a fluorescence labeler molecule, the life time of fluorescence from SI condition is long, and 
since the fluorescence from a molecule can be easily controlled by moreover exciting in the S2 condition 
from SI condition by optical pumping, super resolution nature can be used effectively. That is, if it observes 
by these fluorescence labeler molecule dyeing, since the fluorescence image of a sample is not only 
observable with resolution between altitude, but only the specific chemistry organization of a biological 
material can dye alternatively by adjusting the chemical group of the side chain of the molecule, analysis 
becomes possible to the detailed chemical composition of a sample. 

[0022] Moreover, since a double resonance absorption process generally happens only when wavelength, a 
polarization condition, etc. of 2 light fulfill specific conditions, the structure of a molecule can be known 
very much in a detail by using this. That is, there is a correlation with strong polarization direction of light 
and direction of orientation of a molecule, and when the polarization direction of its that of the light of 2 
wavelength and the direction of orientation of a molecule make a specific include angle, a double resonance 
absorption process happens strongly. Therefore, since extent of disappearance of fluorescence changes by 
irradiating the light of 2 wavelength at coincidence at a sample, and rotating the polarization direction of its 
it light, the information on the space orientation of an organization which it is going to observe from the 
situation can also be acquired. This can also adjust the light of 2 wavelength. 

[0023] As mentioned above, according to the proposal of the point by this invention person, it turns out that 
it has the analysis capacity for it to be high besides super resolution nature. Furthermore, with devising the 
exposure timing of two light with wavelength lambdal and lambda2, S/N can be improved, and 
fluorescence control can be caused effectively, and it becomes possible to discover super resolution nature 
more effectively. 

[0024] Drawing 1 5 shows the configuration of an example of the super resolution microscope concerning 
the proposal of this invention person's point mentioned above. In this super resolution microscope, laser 
light from Nd:YAG laser 51 is carried out by the half mirror 52 for 2 minutes. Incidence of one of these is 
carried out to a dichroic mirror 54 through the wave generator 53 3 times. Incidence of another side is 
carried out to a dichroic mirror 54 through a mirror 55, the Raman shifter 56, a mirror 57, and a phase plate 
58. The laser light from the 3 time wave generator 53, Spatially the laser light which penetrated the phase 
plate 58 with a dichroic mirror 54 Superposition, The sample 65 held by cover glass 64 on the migration 
stage 63 is made to condense the piled-up laser light through a condensing lens 59, a pinhole 60, a dichroic 
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mirror 61, and an objective lens 62. In addition, as a phase plate 58 is shown in drawing 16 , it is formed so 
that phase contrast pi may be given to an optical axis in a point symmetric position, and the sample 65 is 
beforehand dyed by the fluorescence labeler molecule. 

[0025] Moreover, a dichroic mirror 61 separates with an outward trip through an objective lens 62, and the 
fluorescence emitted from a sample 65 is receiving light by the photograph mull 70 through a pinhole 66, a 
sharp cut filter 67, a band pass filter 68, and a notch filter 69. In addition, a sharp cut filter 67, a band pass 
filter 68, a notch filter 69, and the photograph mull 70 are held in the protection- from-light box 71, and form 
the pinhole 66 in this protection-from-light box 71. 

[0026] The super resolution microscope shown in drawing 15 the laser light from the wave generator 53 3 
times As an IRESU light which considers as the pump light which excites a fluorescence labeler molecule 
from SO condition to SI condition, and excites the laser light from the Raman shifter 56 from SI condition 
to S2 condition Form this IRESU light into a hollow beam with a phase plate 58, and fluorescence other 
than superposition and near [ where IRESU luminous intensity serves as zero on a sample 65 by this ] the 
optical axis is controlled on pump light and a space target with a dichroic mirror 54. Only the fluorescence 
labeler molecule which exists in a field [ as a result ] narrower than the breadth of pump light is observed by 
super resolution. 
[0027] 

[Problem(s) to be Solved by the Invention] However, according to the various experiment examination by 
this invention person, it became clear that there was a point which should be further improved in respect of 
the image formation engine performance in various kinds of super resolution microscopes mentioned above. 
For example, a hollow beam is formed by letting the phase plate 58 which showed IRESU light to drawing 
16 pass under the super resolution microscope shown in drawing 15 , and, thereby, it is difficult for pump 
light and a space target to make reinforcement of the center section of IRESU light perfect in fact at zero, 
although a theory top is a very elegant approach since fluorescence other than superposition and near 
[ where IRESU luminous intensity serves as zero on a sample 65 ] the optical axis is controlled. 
[0028] Since the reason cannot process a phase plate 58 ideally as a design value, it is because phase 
contrast pi cannot be given to a beam optical axis in a point symmetric position and electric field strength 
cannot be offset completely. For this reason, a part not to offset each other among the light waves which are 
in a point symmetric position to a beam optical axis remains on an optical axis, residue which moreover is 
not offset to the light wave of the component of omnidirection angle 2pi centering on a beam optical axis 
will accumulate on an optical axis, and as shown in drawing 1 7 as a result, the electric field strength which 
cannot be disregarded in the center of a beam optical axis, either will occur. 

[0029] Therefore, even if it is going to overlap pump light and IRESU light in respect of a sample and you 
are going to make it discover super resolution nature in such the condition using fluorescence serological 
inhibition reaction, the fluorescence intensity in the pump light center section falls, super resolution nature 
becomes weak as a result, and it becomes as [ be / rather / the evil by the fall of the amount of the whole 
fluorescence signal / conspicuous ]. 

[0030] This invention was made in view of this point, is an easy configuration and aims at offering the 
optical equipment and the microscope which can discover easily super resolution nature with the good 
image formation engine performance. 
[0031] 

[Means for Solving the Problem] Invention of the optical equipment concerning claim 1 which attains the 
above-mentioned purpose A light source means to generate two or more light from which wavelength 
differs, and a condensing means to condense for two or more above-mentioned light, At least one light as a 
light in which the condensing pattern in multi-space mode is formed among two or more light from which 
the wavelength which has a luminescence detection means to detect the light emitted for the above, and is 
generated from the above-mentioned light source means differs The light of these plurality is characterized 
by the thing of the condensing pattern in the above-mentioned multi-space mode constituted so that the 
above-mentioned object might be made to condense so that only a field may put a part on other condensing 
patterns and space targets of light with the above-mentioned condensing means. 

[0032] Invention of the microscope concerning claim 2 is a microscope which observes the sample dyed by 
the molecule which has three electronic states including a ground state at least. The 1st light source which 
generates the 1 st light of wavelength lambda 1 which makes the above-mentioned molecule change from a 
ground state to the 1st excitation state, The 2nd light source which generates the 2nd light of wavelength 
lambda 2 which makes the above-mentioned molecule change from the 1st excitation state of the above to 
the 2nd excitation state with a more high energy level, The condensing optical system which makes the 
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above-mentioned sample condense the 1 st light of the above, and the 2nd light, Have the luminescence 
detector which detects luminescence from the above-mentioned molecule, and the light in which the 
condensing pattern in multi-space mode is formed as the 1 st light of the above from the 1 st light source of 
the above is generated. It is characterized by the thing of the condensing pattern of the 1st light of the above 
constituted so that the above-mentioned sample might be made to condense so that only a field may put a 
part on the condensing pattern and space target of the 2nd light of the above according to the above- 
mentioned condensing optical system. 

[0033] Invention concerning claim 3 is characterized by the 1st light source of the above and the 2nd light 
source being sources of coherent light in a microscope according to claim 2. 

[0034] Invention concerning claim 4 is characterized by having the phase distribution generating component 
which gives phase distribution to the wave front of the 1st light of the above-mentioned wavelength lambda 
1 in a microscope according to claim 3. 

[0035] In a microscope according to claim 4, as for invention concerning claim 5, the above-mentioned 
phase distribution generating component is characterized by a wave front having the divided field of 
plurality with zero or the phase contrast of pi. 

[0036] The field where division of the invention concerning claim 6 was carried out [ above-mentioned ] in 
the microscope according to claim 5 is characterized by having the phase contrast of an adjoining field and 
pi. 

[0037] Invention concerning claim 7 is characterized by the 2nd light of the above having the condensing 
pattern in multi-space mode in the microscope of any one publication of six from claim 2. 
[0038] That is, in this invention, the condensing beam pattern of pump light and/or IRESU light is 
multimode-ized, it divides into two or more areas spatially, these beams are spatially overlapped in part on a 
sample condensing field, the fluorescence from the division area of the one section of pump light is 
controlled, and, thereby, detection of the fluorescence signal from a space field minuter than the size of the 
diffraction limitation of pump light is enabled. 

[0039] If it generally lets the light beam to which the wave front was equal like the laser light source pass in 
a phase filter with two-dimensional phase distribution, a condensing beam with the space mode of 
arbitration will be formed. This is a technique already put in practical use in the field of an optical 
information technology (for example, T.M.Turpin et.al.Rroc.SPIE, 3073 (1997) 178-184). 
[0040] For example, as shown in drawing 1 , the inside of a condensing beam is multimode-ized and pump 
light is divided into two. Similarly, IRESU light is also divided into two. It means controlling the 
fluorescence from that part completely in these two beams, if only 1 division field is piled up, and 
improving resolution twice. 

[0041] Moreover, there is also the approach of trichotomizing, as shown in drawing 2 in addition to this, and 
spatial resolving power also improves as the high order mode is generated. Furthermore, as shown in 
drawing 3 , two-dimensional high order space mode and the approach of leaving 1 division field of the 
pump light by which space division was carried out by forming ** pump light and making the space pattern 
of IRESU light into the shape of zona orbicularis, overlapping the other field to the exposure field of IRESU 
light, and eliminating fluorescence are possible. 

[0042] Thus, two or more approaches by using the existing technique are possible for multimode-izing the 
condensing beam pattern of pump light or IRESU light, and dividing it into two or more areas spatially, and, 
fundamentally, it can be performed by carrying out a wave-front scan using the coherent light to which the 
wave front was equal. 

[0043] One of them is the approach of using a phase plate, and as shown in drawing 1 - drawing 3 , it should 
just arrange suitably the field where phase contrast pi Differs in 0 in the flat surface which intersects the 
wave front of laser light perpendicularly with an optical axis, pi Moreover, what is necessary is to divide a 
pupil surface into two fields of right-and-left one half, and just to make it the phase contrast of pump light or 
IRESU light differ mutually, in dividing pump light into two. Thus, if a beam is condensed, the sign of 
electric field strength will be reversed in the interface of two fields, electric field will serve as zero as a 
result, and a condensing beam will become a configuration with two peaks. If a pupil surface is divided into 
three fields and it is pi Made similarly for the phase contrast of an adjoining field to differ mutually, as 
shown in drawing 2 , a condensing beam will become a configuration with three peaks. 
[0044] In addition, in order to give the above-mentioned phase contrast, it is possible by approaches, such as 
****(ing) an optical thin film of a high refractive index like magnesium fluoride on the glass substrate by 
which optical polish was carried out, or carrying out chemical etching of the glass substrate directly. In 
addition, it is also possible for the racer itself which is the light source to use what generates the beam 
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multimode-ized spatially. That is, the light of the mode pattern in which length has the peak of the plurality 
[ width / n and ] of nxm of m can be oscillated by choosing the boundary condition of a laser cavity in a 
beam cross section. This is called the so-called TEM mode and shows three patterns of the typical TEM 
mode of a low degree to drawing 4 (a), (b), and (c) (Ohm-Sha: new generation engineering series "laser 
engineering" 1999, Sadao Nakai work). Thus, since super resolution can be realized without using a phase 
plate when the laser itself oscillates the beam multimode-ized spatially, the brief microscope structure of a 
system becomes possible. 
[0045] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of this invention is explained with 
reference to drawing 5 - drawing 8 . Drawing 5 is drawing showing the configuration of an example of a 
microscope. With the gestalt of this operation, the living thing sample 1 dyed by fluorochrome rhodamine 
6G is observed. Since rhodamine 6G has the optical property shown in drawing 6 and Table 1 , as the light 
source 2 A laser medium consists of Nd:YAG and the NdiYAG picosecond laser which carries out outgoing 
radiation of the laser light (fundamental wavelength: 1064nm) of the pulse width of 30psec extent is used. 
Light with a wavelength [ corresponding to the secondary stokes light which carried out wavelength 
conversion as the Raman crystal ] of 599nm is used as an IRESU light, using light with a wavelength of 
532nm which carried out the double wave of this laser light as a pump light. A part of pump light and 
IRESU light are made to overlap spatially, and are made to condense on a sample 1 with the gestalt of this 
operation, as space mode of 1 x2 which divided pump light and IRESU light into two, respectively, as shown 
in drawing 1 . 
[0046] 
[Table 1] 





(532mn) 1) 




(599nm) 1) 




555md 1) 



l):E.Sahar et.al. IEEE. J. Quantnra Electronics 13,962(1977) 



[0047] In drawing 5 , the outgoing radiation light from the Nd:YAG picosecond laser 2 branches with two 
beams by the beam splitter 3, changes the beam of one of these into a beam with a twice as many 
wavelength [ as this ] of 532nm with the KDP crystal 4, and considers as pump light, and the beam of 
another side is changed into a beam with a wavelength of 599nm by the Raman shifter 6 which consists of a 
barium-oxide crystal Ba(N03) 2, and let it be IRESU light, after making it reflect by the mirror 5. 
[0048] By passing a phase plate 7, pump light by which outgoing radiation is carried out from the KDP 
crystal 4 is spatially multimode-ized by 1x2, and carries out incidence to a dichroic mirror 8. As shown in 
drawing 7 , a phase plate 7 carries out chemical etching of the quartz-glass substrate which carried out 
optical polish, it constitutes it so that the phase contrast of only pi may be given in two fields which adjoin 
to pump light with a wavelength of 532nm with the etching depth, and deforms into the beam which 
multimode-ized pump light spatially. 

[0049] Similarly, by passing a phase plate 9, IRESU light by which outgoing radiation is carried out from 
the Raman shifter 6 is also spatially multimode-ized by 1x2, and carries out incidence of the IRESU light to 
a dichroic mirror 8 through a mirror 10. A phase plate 9 transforms IRESU light into the beam multimode- 
ized spatially by carrying out chemical etching of the quartz-glass substrate which carried out optical polish 
like a phase plate 7, and adjusting the etching depth to IRESU light with a wavelength of 599nm, as shown 
in drawing 8 . 

[0050] The combined harvester and thresher of pump light and the IRESU light is carried out, and the beam 
which carried out the combined harvester and thresher is made to condense in a dichroic mirror 8 on the 
sample 1 laid in the sample stage 14 with the objective lens 13 through the relay lens 1 1 and the half mirror 
12. 

[0051] Here, the pump light and IRESU light which are condensed on a sample 1 serve as physical 
relationship shown in drawing 1 , the one half of the pump light spatially multimode-ized by 1x2 overlaps 
IRESU light and a space target, and, as for the duplication part, fluorescence is controlled. A dichroic mirror 
8, a mirror 10, and a half mirror 12 can adjust the spatial superposition of this pump light and IRESU light. 

http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 2/1 5/2005 



JP,2002-062261,A [DETAILED DESCRIPTION] 



Page 7 of 7 



[0052] The fluorescence emitted from a sample 1 makes an objective lens 13, a half mirror 12, and a half 
mirror 1 5 penetrate, carries out image formation on the image pick-up side of CCD camera 1 7 with the 
image formation lens 16, and enables it to view a fluorescence image by this on the other hand. 
[0053] Moreover, the pinhole 19 which is a spatial filter is made to carry out image formation of the 
fluorescence reflected in part by the half mirror 15 with a lens 18, and image formation of the fluorescence 
which passed through this pinhole 19 is carried out on the image pick-up side of the ICCD camera 22 
through a lens 20 and a transmission grating 2 1 . 

[0054] Here, the ICCD camera 22 consists of optical-electronic conversion film and the two-dimensional 
photomultiplier tube, and fluorescence is photoed with the ICCD camera 22 as a form of a fluorescence 
spectrum through a transmission grating 21 . Therefore, if a fluorescence signal is measured, the data in each 
point are stored in memory, such as a personal computer, and it is made to display on monitors, such as 
CRT, carrying out the two-dimensional scan of the sample 1 by the sample stage 14, the structure of the 
sample 1 made into the purpose can be imaged. 

[0055] Since the fluorescence signal of a field far minuter than the laser light which condensed in the sample 
1 can be selected according to the microscope of the gestalt of this operation, potential as mensuration can 
be made very high, moreover — if what is driven by the piezo-electric element is used as a sample stage 14 - 
- a location — since resolution can be made very high with about lOnm, the engine performance which 
balanced the spatial resolving power of a super resolution microscope enough can be given. 
[0056] Furthermore, since the pinhole 1 9 is arranged to confocal [ of microscope optical system ] under the 
microscope of the gestalt of this operation, three-dimension observation of a sample 1 is also possible. That 
is, since only the fluorescence emitted from the focal location of laser light can be passed, if a pinhole 19 
moves the sample stage 14 in the direction of an optical axis and a two-dimensional scan is carried out to 
laser light, it can obtain the tomogram for the sample 1 in the optical depth direction. 

[0057] Moreover, although pump light and IRESU light were obtained from the outgoing radiation light of 
one Nd:YAG picosecond laser 2, it can also constitute from a gestalt of the above-mentioned 
implementation so that pump light and IRESU light may be obtained from the separate light source. 
[0058] 

[Effect of the Invention] as mentioned above, according to this invention, at least one light as a light in 
which the condensing pattern in multi-space mode is formed among two or more light from which 
wavelength differs the light of these plurality — some condensing patterns in multi-space mode — since it be 
made to make an object condense so that only a field may put on other condensing patterns and space targets 
of light , the optical equipment and the microscope which can discover easily super resolution nature with 
the good image formation engine performance can be obtain with an easy configuration . 
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